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A number of Congenital Disorders of Glycosylation 
(CDGs) result in altered immunity
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A young boy referred to the NIH 
with a ‘hyper-IgE’ syndrome



A young boy referred to the NIH 
with a ‘hyper-IgE’ syndrome

• 12 year old Egyptian male
– Elevated IgE and atopy
• atopic dermatitis, food allergy, asthma, allergic 

rhinitis
– Recurrent bacterial infections
• Recurrent skin infections/abscesses
• recurrent pneumonia
• chronic ear infections

– Low white blood cells (leukopenia)



Comparison of hyper-IgE conditions
DOCK8 STAT3 Severe atopic 

dermatitis
IgE ++ +++ +++

Immunoglobulins
low 

(IgM)/normal/hi
gh

low/normal normal

TH17 low/normal absent normal
Lymphopenia ++ +/- -

Atopy +/+++ ++ +++
Neurologic 

Deficits +/- - -

Cutaneous viral 
infections +++ + +

Lymphoma ++ + -
Vascular 

Abnormality + ++ -

Scoliosis - +++ +
Retained

Primary Teeth - +++ +/-

Adapted from Zhang et al. JACI. 2014



Some of the conditions with ‘hyper-IgE’
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Birth History

• Egyptian Coptic Christian parents
– first cousins

• Uncomplicated pregnancy
• Born full term via C-section
• No perinatal or early childhood 

illnesses 



Chest CT from Egypt



Neurologic Abnormalities
• Developmental delay
– At age 11yo reasoning at 6yo level
– difficulty with spatial problems

• Discoordination
– impaired fine motor control and visual tracking

• Speech abnormalities
–misarticulation, discoordination, slow 

processing
• History of febrile seizures



Mascioli et al. 
Radiol Res Pract. 2012
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Family History
• 10yo brother
– Severe allergy, Skin 

infections, Neurologic 
difficulties, hemolytic 
anemia

– IgE 11405, IgG 2060, 
IgA 600

– ANC 1000, ALC 1000
• 9mo M cousin
– AD, Skin infections, 

unable to sit unassisted
– neutropenia
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Another family with similar clinical problems
• 5/6 children affected:

– Severe Allergies
– Recurrent bacterial and viral infections
– Autoimmune disease
– Neurologic Disease



PGM3 deficiency
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Zhang et al. J. Allergy Clin. Immunol. 2014



• Allergy
– high IgE; atopic dermatitis; asthma; food and 

environmental allergies; IV contrast sensitivity
• Infections
– chronic otitis externa
– recurrent staph and URI/pneumonia 
– lung, cutaneous, parotid, periodontal abscesses

• Autoimmunity
– increased TH17; elevated IgG; psoriatic lesions
– ?hemolytic anemia, ?neutropenia

• Neurocognitive impairment
– developmental delay, ataxia, discoordination and 

speech abnormalities/dyspraxia
– febrile seizures

The clinical phenotype of PGM3 deficiency
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PGM3 deficiency results in severe atopy and is 
associated with reduced UDP- (GlcNAc) pools

Allergic diseases in PGM3 def.
• Atopic dermatitis
• Allergic 

rhinosinusitis/conjunctivitis
• Asthma
• Food allergy (IgE-mediated and 

Eosinophilic)
• Allergic fungal mastoiditis
• Allergic bronchopulmonary

aspergillosis (ABPA)
• Food-protein induced 

enteropathic syndrome (FPIES)
• Drug allergy (IgE and cell-

mediated)

PGM3
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associated with reduced UDP- (GlcNAc) pools

Allergic diseases in PGM3 def.
• Atopic dermatitis
• Allergic 

rhinosinusitis/conjunctivitis
• Asthma
• Food allergy (IgE-mediated and 

Eosinophilic)
• Allergic fungal mastoiditis
• Allergic bronchopulmonary

aspergillosis (ABPA)
• Food-protein induced 

enteropathic syndrome (FPIES)
• Drug allergy (IgE and cell-

mediated)



N-glycan complexity is dependent upon
UDP- (GlcNAc) pools
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Driving inflammation without brakes

CTLA-4

=
APC

T cell

Unrestrained T cell
activation

inflammation
cell death

T cell activation
kept in check

CD28
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Reduced UDP- (GlcNAc) impairs 
O-GlcNAcylation homeostasis in PGM3 deficiency

N-glycan
complexity

FOXO
NFAT
NF-κB
JAK/STAT
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Reduced UDP- (GlcNAc) impairs 
O-GlcNAcylation homeostasis in PGM3 deficiency
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intrinsic atopic transcriptional profile
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Exogenous GlcNAc can restore UDP-GlcNAc
pools and normalize OGA activity in vitro
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Comparison of hyper-IgE syndromes and congenital disorders of glycosylation

PGM3 DOCK8 STAT3 Severe atopic 
dermatitis CDGs

IgE +++ ++ +++ +++ NR

Immunoglobulins high
low 

(IgM)/normal/hi
gh

low/normal normal low/normal

Peripheral TH17 increased low/normal absent normal NR

T Lymphopenia ++ ++ +/- - +/-

Atopy +++ +/+++ ++ +++ -
Neurologic 

Deficits +++ +/- - - +++

EBV viremia ++ ++ + - -
Cutaneous viral 

infections ++ +++ + + -

Lymphoma ++ ++ + - -
Vascular 

Abnormality +/- + ++ - -

Bronchiectasis ++ ++ +++ - -
Scoliosis ++ - +++ + ++

Retained Primary 
Teeth - - +++ +/- -


